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UV Induces p21WAF1/CIP1 Protein in Keratinocytes Without p53
To the Editor:
A central effect of UV in the skin is to arrest the cell cycle in
G1 and S phase (Epstein et al, 1970; Petrocelli et al, 1996).
p21WAF1/CIP1, a cyclin-dependent kinase inhibitor, is induced in
cultured keratinocytes and in human skin following UV irradiation
(Liu and Pelling, 1995; Ponten et al, 1995; Petrocelli et al,
1996). Induction of this protein is known to mediate G1 and
S phase arrest by inhibiting cdk2 and cdk4 kinases (Petrocelli
et al, 1996; Poon et al, 1996). p21WAF1/CIP1 also blocks DNA
replication by interacting with proliferating-cell nuclear antigen
(PCNA) (Li et al, 1994). In addition, recent evidence suggests
that it facilitates repair of UV-induced DNA photoproducts
(Sheikh et al, 1997). p21WAF1/CIP1 was first identified as a p53-
inducible gene (El-Deiry et al, 1993); the tumor suppressor p53
is also known to play an important role in the UV response
(Lane, 1992; Ziegler et al, 1994). Although p21WAF1/CIP1 mRNA
induction by DNA-damaging agents typically requires p53
(El-Deiry et al, 1994; Macleod et al, 1995), p21WAF1/CIP1 can
also be regulated during normal tissue development and cellular
differentiation without p53 (Macleod et al, 1995). In this study,
we investigated whether UV induction of p21WAF1/CIP1 protein
in keratinocytes requires p53 in vivo and in vitro.
We first took advantage of the recent availability of a
p21WAF1/CIP1 antibody effective in paraffin sections of mouse
skin, and studied p21WAF1/CIP1 protein expression in vivo.
Figure 1 shows that there was detectable p21WAF1/CIP1 expression
in unirradiated keratinocytes of wild-type p53 mice, but minimal
basal expression in p53-knockout mice. This is consistent with
previous evidence that p53 may be required to control the
expression of p21WAF1/CIP1 during keratinocyte differentiation
(Weinberg et al, 1994; Missero et al, 1996). At 24 h post-UV-
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irradiation, p21WAF1/CIP1 protein levels were elevated in epidermal
keratinocytes of the wild-type p53 mouse, as expected. Strikingly,
however, p21WAF1/CIP1 induction by UV occurred to an
apparently equal extent in the keratinocytes of p53-deficient mice.
The observation of p21WAF1/CIP1 induction by UV without
p53 was unexpected, since other DNA-damaging agents elevate
p21WAF1/CIP1 in a p53-dependent manner in vitro (El-Deiry et al
1994; Macleod et al, 1995). To exclude an in vivo/in vitro
difference, we next investigated whether, in vitro, UV induces
p21WAF1/CIP1 protein without p53. Figure 2 shows that UV
induced the p21 protein level in murine p53-null NHK4
keratinocytes (Azzoli et al, 1998) at 40 J per m2 and 120 J per
m2. In addition, p21WAF1/CIP1 mRNA expression was upregulated
by UV at 120 J per m2, though not at 40 J per m2. Murine
p53-deficient (10)1 fibroblasts (Harney and Levine, 1991) behaved
similarly (data not shown).
We here provide evidence that UV, the DNA-damaging agent
most relevant to skin, can induce p53-independent p21WAF1/
CIP1 protein expression in keratinocytes in vivo and in vitro. This
observation may have implications for skin’s protection against
basal and squamous cell carcinoma. When keratinocytes are
damaged by UV, the p53 tumor suppressor is known to offer
protection by inducing cell cycle arrest (‘‘guardian-of-the-
genome’’) and apoptosis (‘‘guardian-of-the-tissue’’) (Lane, 1992;
Hall et al, 1993; Liu et al, 1994; Ziegler et al, 1994); however,
the p53 gene is itself a target of UV radiation. UV-induced p53
mutations have been found in most human skin cancers, in skin
precancers (actinic keratoses), and in 20% of keratinocytes in
sun-exposed skin (Jonason et al, 1996; Ziegler et al, 1994). In
contrast, there are few p21WAF1/CIP1 mutations in human skin
cancers (our unpublished results) or other malignancies (Shiohara
et al, 1994). Therefore, p21WAF1/CIP1 induction by UV in the
absence of p53 may compensate for the loss of p53 functions
by nevertheless initiating cell cycle arrest, inhibiting DNA
replication, and facilitating DNA repair.
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Figure 1. In vivo induction of
p21WAF1/CIP1 protein by UV is p53-
independent.Wild-type (p531/1) andp53
knockout (p53–/–) mice (Ziegler et al, 1994)
were mock-irradiated or irradiated with a
UVB sun lamp for a dose of 1000 J per m2
at a dose rate of 5.5 J per m2 per s. This
lamp (FS20T12-UVB, National Biological;
Ziegler et al, 1994) emits wavelengths
between 270 and 420 nm, with peak
emission at 313 nm (UVB, 84.3%; UVA,
15.7%; UVC, 0.1%). Twenty-four hours
later, mice were sacrificed. Skin flaps were
formalin-fixedandparaffin-embedded.Five
micometer sections were then stained with
p21WAF1/CIP1 antibody (Ab 5, Oncogene
Research Products) by the standard 3,39-
diaminobenzidine (DAB) immuno-
histochemistry procedure with antigen
retrieval.
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